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From 19 to 27 April 1984 I visited the Regional Research
Laboratory in Hyderabad as a consultant on the coal gasifica=-
tion project funded by the UNDP. The most important activities
of my zmission were as follows:

- Visit to anrd inspection of a pilot plant for gasification
¢f coal,
- Visit to end inspection of laboratories and acquainting with

supporting studies on the project of gasification.

- Giving of lectures on gasification and discussion about this
subject.

he problems of fixed bed pressure gasificaticn including

tne evaluation of coel for gasification.

- Discussion with the workers attending the pilot plant about
tn

- Discussion about and recomxendation for data collection aad
evaluation of pilot=-plant experiments.

- Ascistance in suggeoting the optimum programme of tests with
zgesifying Indian coals.

- Discussion about and acsistance in suggesting the <training
o the respective workers in acsociation with the realiza-
tion of the gasificetion progracme.

The inespecticn showed thet the pilot plant was quite well
ready for gzsificetion and equipped with the measuring tech-
sigue that was sufficient for data collection and their further
evaluatlon and thus 2lso for judging the suitability of coels
nvestigaticn for gesificatione

}Jn
.
»

The discucssed progremze of experiments including the
icaticn of the suggested types of coals is real and can
wlFilled in che precuppcsed date (Noveamber 19837), includ-
2¢ prejeration of the final reperte
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The analytical equipment of the laboratories for the
evaluation o2 coal, ash, and gas is sufficient.

In the discussion the principles of determining the re=
ectivity towards 002 under atmospheric pressure were explain-
ed, the same concerns the determination of the sintering
point of ash developed by the Fuel Research Institute, Pragie.

The suggested trainings of the respective workers should
further deepen the xnowledge froam the field of plenning and
evaluating the gesification tests of coals, acquaint with 2x=~
perience from the field of researches into the machinery of
gasifiers and improve the attendance of a full-scale gasifica-
tioz unit.

I wish to express my sincere thanks to the nationel project
Director and the colleagues of RRL Hyderabad for the open in=
formstion end free discussion of problems connected with
future work on the progjecte.

The organization of my visit was excellent and the hos-
pitality and kind assistance are very much appreciated,

Time table of the mission

Date Day Action
april
16 lion Travel Prague = Vienna

Briefing at UNIDO (Dr. 4. Maung)
17/18 Tue/Med Travel Vienna - Delhi

i3 Wed Morning: Briefing at UNDP
(Dr. M.K.Hussein)
Afternoor: Treavel Delhi- Hyderabad

19 Thu Korning: Visit tc the pilot plent

Lfternoon: Visit to the laboreicriec

Afternoon: Coal reactivity, sintering
of ash




Sate Day
azril
24 Tue
25 Ved
26 Thu
27 5 ob
29 Sun
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Action

Morning: Measurements for evaluai-
ing the pilot-plent
gasificetion tests

Afternoon: Discussion about the

methocology of preperation
end performing of tests

Morning: Data collecticn end
evaluation

Afternocon: Lass balances ¢f the

gasification process

Morning: Lectures: Inportance of coal
quality to fixed bed pressure
gasification
The influence of pressurc on
gesification
Casifying egent

Afternoon: Discussion about the

progracmme of pilct=-plant
tests

Morning: Lecture: Concept of pressure

gasification plants in
Czechoslovakia
Afternocn: Discussion about the
evaluation of coals by
measuring the reactivity
and TGA |
Training progreame (Rao,
Anjaneyulu, Redly,Murty)
Zvening: Travel Hyderabad =~ Delhi
Travel Delhi ~ Prague via Frankfurt
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Zeport of findings, discussions end recommendations

l. Pilot plant

The pilot plant consists of the following main parts:

- Store and preperation of coal
~ Oxygen plant
oiler house

t
w

’

Gasification of coal
- Purification of ges
eparation and storage of liquid products

L
Wn

The core of the iastallation forms & pressure gasificstion
unit the main part of which is a double~shell pressure gasifier
o l.1l m internal diameter.

In the space between the internal end external shells of
the gasifier steam is genersted during gasification and ad-
mixed to the :roduced crulde gas. The coal for gasificetion is
charged to a coel bunker above the gasifier and from here it
is led to a coal lock placed asbove the gasifier. From the coal
lock the coel f2alls through a simple chute into the reactor.
The reactcr is equipped with a crude gas outlet, the layer oFf
fu2l is carried by a step rotary grate placed in the bottom
part of the shaft and intended for the distribution of the
asifying egent and fcr the removal of ash. The grate revolutions

nd taus also the quantity of &sh removed from the gasifier can
bc changed. The ash from the gasifier falls into the ash lock
here to the ash pocket., The end closures of both the
the ash lock ere manually operated. The crude
2z is led to & waste heat boller which is also designed cs a
scrubber cooler. Here the gas is ccoled partly by spraying with
circulating phenol water, partiy ite heat is used for the
cneration cf stean o2 a pressure of 2.8 bar. From the bottom

"’
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the waste heat boiler a2 tar and phenol water mixture is drawn
o7 Lo separating tanks. The gas goes forward to the after
cocler in which it is cooled and at the same time further phenol
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vater and o0il ere separated and dravm off to the separating
eaks. Thus treated gas is either burnt in a flare or purie
ied (liverated from CO, and H,S) by washing with hot potash.
his installation consists of the prewasher, the adsorter,

&
9]

H oty et

*he tower for the wash solution regeneratiocn, the cooler,
and the water separator. By using the hot potash the CO2 and
HZS contents should be reduced to 2 vol.% and 200 mg.53 rése

pactively.

o Deta collection and evaluation

Cn the basis of the discussion with the respective wor=
kers of the RRL Hyderabad, the collection of the following
data was reconmended to evaluate the operation.

el C o0 al

Sazpling: from ezch coel fzeding
rough sample 200 kg in 8 hours (per 1 shift)

From the rough sample to prepare: a snift sample 30 - 50 kgz
a partial saaple for a
daily analysis 3 = 5 kg

For the shift sample to determine: the screening test (wt.%)
above 25 ca
15 = 25 mm
10 = 15 mn
6 = 10 mm
below 6 mm
bulk density It:g.:n'3
analysis : water content ol wta®

t
ash content (dry) ad W%
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Daily sample: prepared by wixing partiel shift samples

enalysis:
water ccntent Wi wt.%
ash content‘Ad wto%
combustible matter wt.%
voletile matter wted
fixed cerbon wt.%

elementery analysis of the ccmbustible
matter C, H, S, 0, N wt.%
ash fusion points (°C) th s tgs 1o

Note: In the steady operation of the installation g mixzed
sampi2 may be prepared from shift samples,;reoresaenting
the whole evaluated section of the test,and analysed
in the same way as given in the case of the daily sample.

Senple per the section of the test: the analyses recommended
for the daily test should
be cozpleted by
- the deterxzination of tae
chemical ccmposition of ash
wt.% : SiC,, A1203, Cag,
H20, Fe203, TiOa,
KZO’ Nazo, 503 and by
~ the determinatiomx of water,
tar, semi-coke, and gas
(Gray King assey)

In determinine the mess balances of the gasification process,

the aquantity of gasified coal reoresents the basic item,

Cwing to this, it was agreed to pay considereble attention
to the guantity of coal

a) from the volume of the cosal bunker
and to the bulk density
5) rox the volume and number of coal locks and to the bulk

Q.
()

asity
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It was steted that for the most accurate method of
evaiuating the quantity of gasified coal, i.e. weighing,

the pilot plant did not display real conditions.

22 Oxygen

Anelysis : O2 vol.% - once a dgy
Measurements : temperature, pressure - according to
records

Quantity : (measured with an orifice) = by planimetering
the registered record
- the use of a diagram for measuring the
oxygen flow

203 A i T

Leasurenents : temperature, pressure
Amount : (measured with an orifice) = by planimetering
the registered record
- the use of a diagram for measuring the
air flow

2e4 Casificetion stean

Yeasurement : temperature - according to a record
pressure - menually recorded
Quantity : (measured with an crifice) = by planizetering
the registered rccord
- the use of a diagram for meacuring the steam
flow

(28]

.5 Cagificetion ratio

By calculating from the amounts of oxygen and steaa

- VYam o ~v . 3 .
vaclet Tead water

!
L )
[ €)Y

o2 quantity will be determined
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2.7 Water to waste heat boiler

I+ will not be determined

2.8 Crude gas

Analyses * determinetion of COZ’ 02 once per hour for
checking the operation
Continuous analyses : mass spectrometer, gas-chromatograph
and IR - analyzers
For anelysing immediate samples the Orsat instrument is alsc
available for the determination (vol.®) of: CO,, 0,,H,, N,, CO,
CH49 Cnrm, C,H,
(C3Egs CyHygs CsHyo)s
28
Jezsurements : guantity (measured with an orifice) - by
planimetering the record
= the use of a diagram for ceasuring the
crude gas flow
temperature ~ according to a record
pressure - according to a record

Note: In evaluating, the gss consumed for pressurizing
a ccal lock should also be under consideratioz.
Its quentity is determined from the volume of ges
in the coal lock and from the coal lock filling
frequency. This quantity atteins approximately
4 % of the overall gas production in the large-scale
installations in Czechoslovakia.

v
8 O

n
L

\C
e

4 partiel sample should be taken from each de-~ashing.
Preparatioa o a 3hift sample (in 8 hours) 3 - 5 kg
inalysis @ asa

ur:burnt residue

C (H) in the unburat residue
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The acsh quantity should be calculated according to the
unburnt resicdue content i. ash and according to the ash

content in coal.

The adjusted value of grate revolutions should be
recorded.

2.10 Tar, oil, phenol water

Their quantities are measured according to the state in the
storage tanks for by=-productse.

Note: The queantity will evidently be read off for a longer
period of the installation operation, for example, for
the whole 7-10 days test. The values obteined are recon-
mended to be comperad with the results of the Gray King
carbonization teste.

Anelysis : tar, oil - elementary analysis C, H, /0, X, S/

distillation curve
phenol weter - contents of phenols
amnoxnia content
coantents of fétty acids

2.11 Further measurements carried out in the gasification unit

Tezperatures:

Casifier top temperature = once per hour
menually recorded
- recorded

b

oC
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Fy o
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ifier outlet = recorded

te heat boiler cutlet = recorded

(&}
&)
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e
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stecm =~ oxygen mixture = recorded

Seam <.
T D -

cat boiler outlet - manually recorced
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3. Choice of test sections

The date given in chapter 2 should be processed &ccording
16 the prograzme of tests, always for the time sectiom with
the same or similar operating paremeters,

Thus, for example, for the test 1 (chapter 5)

a) gesificetion with stecm and air at 1.5 il’a

b) gesification with steam end oxygen at 1.5 iPa
¢) gasification with steam end oxygen at 2.0 iPa
d) gasification with steam and oxygen at 2.4 MPa

The evaluation should not cover, for example, the operaticn
et a considerably lower load than intended for the test or put-
ting out of operaticn caused by technologicel difficulties or
neceszity to repeir the installation.

a gueranty operation of the full=-scale installation
irming the output of the gasification installatiox in
the tested coal, the time section 3 x 24 hours has

e Calculations of balances

The calculations of the mass balences of the main elements
found in the gasification process permit to check the accuracies
of measurements during the gasification process.

4,1 llass balances

Calculeated are carbon, hydrogen, and oxygen balances. The
valtes ere usually given in g of the element per tize unit as
well as the relative amounta expressed in % are given.

tolel Bezlance of carbon
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Outlet

C in crude ges

C in tar, oil

C in the orgsnic mass of phenol water
C in the unburnt residue

(¢ in flv-coel dust)
C ounict = total

4+.1.,2 Balance of hydrogen

Inlet

E in the moisture of coal

H in the combustible matter of coal
H in gasification steam

E in jacket feed water

H inlet - totsal

Outlet.

H in crude geas
E in phenol water
H in tar, oil
(4 in the unburnt residue)
(H in fly=-coal dust)
5 in the organic mass of phenol water)
E outlest - total i

Z+1le3 DBalance of oxyzen

R B
104i371T

in the moigzture of co&l
combustible matter of coal

O O 0
-de P-4
30

ot

o

[ ]

irication oxygen
Zasification steam

O
;.)-
1)

>

ezt feed water

C

:j.

-
b}




Qutlet

O in crude gas

O in phenol water

0 in ash

(0 in tar, o0il)

(O in the organic mass of phenol water)
(C in fly=-coal dust)

0 outlet = total

The values given in parentheses are very low in taz case
of a stesdy process and owing to this they can be neglected.,

4.2 Zecat balance

For its calculation considered are:

Inlet: coal (latent and sensible heat)
gasifying agent
jacket feed water
feed water for WHB
cooling water into the after cooler

Outlet:z crude gas (latent and sensible heat)
steam in crude gas
stean generated in the LP steam boiler
ter, oil (latent end sensible heat)
phenol water (latent znd sensible heat)
ash (latent end sensible heat)
veter from the after cooler

4.3 Values obtained from the balances

Carbon conversion % Cgas « 100

Ccoal

or

C ctar+ Coil+C

C

oas’ fvr o 200

Carbon conversion %

coal




where cgas’ Ctar’ coil’ wa esoeeo the amount of carbon
in gas, tar, oil, and phenol
water, prcduced from 1 kg of
coal kg.kg‘l
ccoal eeseso the amount of cerbon

in 1 kg of coal kg.kg-l

CV of gas , yield of cas . 100
CV of coal

~

Casification efficiency %

Thermal ccntents of oroducts 100
[ ]
Thermal contents of substances

]

Thermal efficiency %

entering the process

4.4 Determination of the degree of steam decomposition

Water or steam into the gasification installsastion is
brought by

cost a) water from the moisture of coal HZO la
b) water prcduced in the proccess of
carbonization during gesification H20 ib
- Jacke: Pfeed water H20 2
- gasification steam H 0 3
- injection of phenol water into WHB H20 4

Water or steam from the gasification installation is removed as:

- phenol water from WH3 ‘ H20 5
- phenol water from the after cooler H20 )
-~ moisture of crude gas HéO 7

leaving the installation
(its quantity is determined by the
dew=point of ges at a given teme
perature and pressure).

For the deterxination of the degree of steem decomposition
considered are:




- steaz given in the items H,0 1la , H,0 1b, H,0 2
transfers to gas without any changes

- steam given in the item H20 4 , in the steady state it is
irrelevant for the balance

- items H,0 3, H,0 5, HO 6 ere determined frcm the
peasurements given in chapter 2

- item HZO 7 1is determined from the quantity of produced
gas end from its pressure and temperature ~71lso on the basis
of the data given in chapter 2.

The degree of gasification steam decomposition expressed in %
is determined from the relation:

B,0 3 = (H,0 5-7 = H,0 1la=2) , 1C0Q
ol P Y+ 1 = 2 2 2
% of decomposition =
H,0 3
where HZO 5«7 = H20 5 + H20 6 + HZO 7
HZO la=2 = HZQ la + HzQ }b + HZO 2

S5 The goal of the project and the programme of gasification

tests

The goel of the project is to verify the gasification
nroperty of pituminous coals produced in the region Singareni
collieries Andhra Pradesh Godavary mine as well as of coal
frca the Wardha Valley. Concerned are non=-caking bituminous
cosls with the moisture content in the original state

W€ = 5 « 10 wt.%
and with the ash content in the originsl state
AT =23 - 25 wt.3, i.e. approxinmately a8 24 - 28 wt.%

The programzme of zasificetion tests involves:

o GCasification with air and stean
2. GCasification with oxygen and steanm.

N P
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Gasification with air and steam represents the first ex-
perimental section (considered is pressure of 1.5 4Pa) last-
ing 24 hours in the case of all tests.

In gesifying with-oxygen end steam the optimalization of
the gasification ratio and the final gasification pressure 6°
2.4 LPa are always under consideration. Presupposed is the
gesification of coal of 6 = 25 mm grain size which, according
to hitherto practical experience, should be optimun. ~ccording
to the programze the gasification tests should be performed
during the period of June 1984 - September 1985, The tests will
te followed by the preparation of a report in the period October -
- Noveczber 1985, The time schedule of the iests is evident from
the following survey (see pages 16,17).

The progreamme suggested corresponds to the possibilities
of the experimental working plece of the RRL Hyderabad and
according to tizn necessary for the preparation of pilot-plan
tests, their performance and evaluation and for the preparation
¢ reports also from the standpoint of financial claims to the
tests it represents the optimum utilization of time and finan-
cial means intended for the prograzme of coal gasification.

6, Training programme

The following programze of training the respective workers
0f the RRL Hyderabad in Czechoslovakia was discussed and recon-
zenced:
~ .> X, Sesheziri Reao
- > T.2.Re Anjansyulu

Tha operction of a lerge gasifier, measurexeats end col-
iectiocn of cata carried out in a full-scale installatioxn,
=*ion o full=-scale gasification tests, machinery of a

Palivovy zombindt 25. unor,; Viesovd
Ltograted coal mining and processing werks) 2 weexs

-
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Yy opga nme of g ag ]
rest noe o Date Coul Gagifying
agent
1l Jun:z Godavary I steam-air
1984 grain steam-oxygen
6 -~ 25 nn
2. September Godavary 1 steam-air
1984 steam~oxygen
3. Deceuber Godavary II  gyepp-air
1984 grain 6-25 mm steam-oxygen
4. . February Godavary III gteam-air
1985 grain 6-2% mm cteam-oxygen
 rarraia 2 s T ~. RS LTI == S R TSNS ) 21
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Pressure (}MPa)

te¢c ot s

Giami Wt s mem—

Purpose of the test

. . PRI,

p—n o tirge e e i

1.5 1 day l. optimalization of the
1.5 2«3 days gasificeation ratio
2.0 2-3 days 2. verification of the
2.4 2-3 days effect of pressure on
the gesification process
l.5 1 dagy verification of the
2.4 T-9 dgys perticle sizec effect
grain 6 - 25 mm !
10 - 50 mm
3 - 25 mm
1.5 1 day 1. optimalization of the
2.4 7-9 duys gasification ratio
2. verification of a
new coal feed
l.5 1 day l. optimalization of the
2.4 7-9 doys gasification ratio
2. verificeation of a
new coal feed
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Couline tio .
Prorramme of gascs
Test no. bate Cocl Gusifying
agent
| 5s June Godavary IV steam-air
1985
6. September Wardha steam-air
1985 Valley stean=-oxygen

grain 6-25 mm
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Vo — o . ——

Prassure (l1Pa)

- s —— e i St e # e .

1 day
7-9 daoys

ification tecsts

-———— r——— -

. Purpose of the test

C e man o o i o gt emp— 4. o— o o

optimalization of the
gesificoation ratio
verification of a
nevcoal feed

1 day
7-9 days

optimalization of the
gasification ratio
verification of a

-LI-

new cogl feed




Ustav pro vyzkum a vyuziti paliv, Praha-B&chovice

(Fuel Resesasrch Institute) 1 week
Vyzkumny dstav potravindfské

a chladici techniky, Hradec Krdlové

(Research institute of food and cooling
teciinique) 1 week

October - November 1684

»

2T KoVeRoSo Murty
wr S.No Reddy

The operation of a largs gasifier, measurements and col=
lection of data carried out in a full-scale installation,
eveluation of full-scale gasificetion tests, machinery of a
pressure gasifier.

(Integrated cozl mining and prccessing works) 2 weeks
o

Ustav pro vyzxua a vyuZiti paliv, Praha-B&chovice
(Fuel Reseerch Institute) 1 week

Vyzkumny dstav potravindiské
a chladici techniky, Hradec Krdlové
(Research institute of food and cooling technigue) 1 week

February = Xay 1985

7o Lec Lures

For the consultation held in the RRL, Hyderabad, the fol-
lowing four lectures were prepared:

Lecture I. Izmporteance of co2l quality to fixed bed pressure
gasificetion. The influence o? pressure on
gesification. Gasifying agent, its compositiocn
and temperature

&
w
(¢
ct

H
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H
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L« Concept of pressure gzs plants in Czecnosiovakia
and development of machinery
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Lecture III. Prospects for the development of coal
Zasification

Lecture IV, Crude gas purification, conversion, crackinz of
tar vapours and conversion to methane

However, with regerd to time shortage, only the first two
lectiures were read. Cn the basis of these lectures the effect
07 the water content, of the content and coaposition ¢ ash
ters as well es the effect of the grain size of cosal upon
gasification precess were thoroughly discussed. Con-
iderable aitentionr was paid to the determination of the re=
activity of coz2l towards CO2 under atmospheric pressure, in par=
ticular, the methods of measuring and evaluating the data ob=-
tained as well as the methodology of determining the sintering
tezperature o2 ash were dealt with in detail. As to the tech-

p -
EATE Nl P

nolozy o2 gesificaticn, the importance of the compositionm and

3
ct
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ct

0]
[T ¢

In the case of the second lecture besides the experience
chtained Prom the full-scele oneration the overeall solutions
‘o producing plants were &lso discussed with regerd to the
J2n2l processing of the produced crude gas and to the
preparation of the raw macterial, of the gasifying agent, and of
the heat and electric energy. Particular atiention was given
to the development of the mein element of the machinery, i.e.

the pressure gasifier for fixed bed gasification.

The lectures are presented in the Appendices.
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Lecture I.

Lecture II.

Lecture III,

Lecture IV,

Importance of coal quality

to fixed bed pressure
gasification. The influence
of pressure on gasification.
Gasifying agent, its com=-
rosition and temperature

Concept of pressure gas
plants in Czechoslovekia
and development of
machinery

Prospects for the develop-
ment of coal gasification

Crude gas purification,
conversion, cracking of
tar vapours and conversion
to methane




Lecture I.

1. Importance of coal quality to fixed-bed pressure
gasification

The nature of a coal processed determines by itself

the operating conaitions, affects the specific consumptions

of basic raw materials as well as the yield and composition
of gas. It is desirable that the decisive parameters of coal
intended for gasification should fluctuate within a small

" -range and should not exceed the limit of the gasification

process. The basic characteristics decisive for the choice
of toth the construction and the pressure gasification tech--
nology are as follows:

Content and composition of the combustible matter;
Water content, . A

Content and composition of ash matters,

Grain size of coal.

'l.l'Combustible.matter

The compogition of the combustible matter and the ratio
between the volatile matter and fixed carbon are determined
by the geologic age of the fuel. In processing the fuels of
different geologic age, the distinct specific consumptions
of the combustibls matter are attained, distinct also are the
yields and the composition of produced gas. For example, ac-
cording to literary references, in purified gas (after 002
scrubbing) the CH, content is 4.2 vol. % and 17.8 vol. % in

gasifying the anthracite and in gasifying the lignite respec-

tively. Similar findings ensued from the full-scale measure-
ments carried out in Czechoslovakia.

On the basis of experience obtained up t0 now we may
generally state that the nature of the combustible matter of
coal cannot practically make its use for gasification impos-
sible. In concrete cases (esg. caking coals), the applipatiOn
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of a sultable design concept as well as the utilization of
the pressure machinery equipment guaranteeing a uniform
course of the gasification process is important.

1.2 Water

In practice a high water content in run-of-mine coal
is reduced to a technically and economically acceptable level .
before gasification.

The effect of the water content in lignite on the
gasification process was dealt with in many studies in Czecho-
slovakia; The tests with coal with the water content Wi' |
13.5-38 wt. % carried out at the pressure gas plant Ust{ nad
Labem proved that when the water content increased by 1 wt. %,
the specific consumption of oxygen increased on the average
by 0.6 wt. %. The crude gas composition changes only slignt-
ly with the increasing content of water in coal; the carbon
dioxide and nhydrogen contents slightly increase whereas at
the same time the carbdn monoxide portion decreases. O course,
in deeper drying the charg% the portion of produced phenol '

water also decreases.

Nevertheless, at present in the gas plant VPesovd the
fuel with the water content higher thaan it was presunposed
ig ggsified - the annual average attains aoproximately 30-32
wt. %. The tests with screened not dried coal containing about

40 wt. % of weter were also successful.

1.3 Ash matters

Inorganic substances - ash matters - in coal pass through
a number of ohysical and chemical changes during the gasifica-
tion process. With regard to difficulties in isolating and
identifying ash matters, the va’ue derived - ash is used in
the technical practice. For a oreliminary evaluatiion of the
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fuel sulitability for gasification, tne absolute amount of
ash, its composition an¢ its fusion temperature are important.

" The: composition of ash and its fusibility are signifi-
cant for the formation and character of slag during gasifica-
tion. The ash with a higher softening vpoint is more advantage-
ous from the technical and economic standpoint. '

The measurements end practical operational experience
exoplicitly confirmed the higher ash content unfavourable ef-
fect on the gasification process. The evaluation o: the two
years' operation of the gas plant Usti nad Labem shows that
q (6-22 wt. %),
the specific consumption of cxygen increases by 1.9 % when
the ash content is increased by 1 wt. %. As to the specific
consumption of combustible matter, its increase by 1 wt. %

in the case of lignite with the ash content A

was' found in the ash content increase by 1 wt. %. The data
ascertained are rather of an informative characte: - they are
valid only for the fuel evaluated and for the given techno-
logical régime. The upper limits of the ash content in coal
for the fixed-bed pressure gasification are also dependent

on the ash composition and on other properties of coal, they
range from ad 25-30 wt. %.

1.4 Grain size of coal

According to our experience the grain size of coal and

" its resistance to disintegration influences mainly the
aerodynamic conditions in the gasifier bed and thus also

the mass and heat transmissions during the gasification process.

- With regard to charge granulation, the conditions in
Dressufe”gasifiers are more favcurable than those in pressure-
~less installations. In spite of this fact, in connection with
an effort to achieve a higher outnut of the plant, the original
range sr2cified for iignites 3 to 25 mm is narrowed and the
grain sizes, e.g. 5-25 mm, 7-30 mm, 10-40 mm or 20-60 mm are




recommended. The most harmful is the high portion of under-
size. The gasification of charges of 0-25 mm, 3-25 mm, and

10-25 mm in our plants showed the following:

In gasifying a well screened coal the process is stable;.
the temperatures in the gasifier are steady and the CO2 con-
tent fluctuates within a small range. The fuel enables to
achieve high outputs of the gasifier. Wwhen fuel with a higher
portion of fine grains is gasified, the process is unstable,
the gas temperature varies and at the same time increases.
The'002
‘the unburnt residue portion in ash as well as the specific

portion in crude gas 1ncreases, the same concerns

consumption of oxygen. The Jperation with unscreened coal cén4
not be permanently kept even at a low output, also a consider-
able entrainment of dust is found. During the repeated .tests
with unscreened coal the gssifier was operational for 156~48
hours as a maximum and then it was necessary to put it out

of opera;ion. .

" Current analyses of coal are sufficient for basic tech-
.nological and thermodynamic evaluations of the gasification
process but they do not enable to evaluate the kinetics of '
the 'nrocesses in course. Cwing to this, the measurements of
coal reactivity are carried out on a laboratory scale and
provide further valuable data for ‘evaluating the kinetics

of the processes in course.

_ The second group of problems dealt with at our institute
covered the determination of the fusible properties of ashes.
we made use of the well-known fact that during the ash heat- '
ing’already before attaining the standardized softening tem-
perature (tA), the significant structural changes take place‘
and may cause the formation of solid agzlomerates.

1.5 Determination of reactivity

Of potential methods we selected for our case the fuel




-5 =

reactivity to carboén dioxide under atmospheric pressure. For
the given purpose we proposed and¢ built a simple .aboratory
apparatus (Figure 1), based on observing the composition of
reactive gaseous products at a selected flow of carbon di-

© oxide. In'prder to analyze the formed gases (approximately
a CO2 + CO binary mixture), we used a thermal-conductivity -
detector. With the aim to improve the reproducibility of the
results obtained by using this method, we used the samples
of semi-coke prepared at a temperature of SCO QC, i.e. with
a considerably recuced content of hydrogen.

Having regard tc the fact that our goal was to develop
a ccmparable method, during tne measurements the following
constant conditions should have bteen adhered to:

~ The weight of the charge and its grain sizé,
- The size of the employed reactor,

The flow of the gasifying agent,

A method of sample preparation,

A temperature of measurement.

'The'velocities.of carbon degradation are calculated from
. the carbon dioxide flow and from the immediate concentration
of carbon monoxide in produced gas. Of these a set of values
of the degree of carbon conversion for the given interval is

., obtained.

. By means of interpolation the reaction times for 50 %
and 90 %'conversions ((C-O.5 and T 0'9) are calculated.

As a parameter characterizing thé semi-coke behaviour
"during the initial stages of reaction, the degree of attain-
ing the chemical.eQuilibrium XCO at the beginning of the
measurement was selected and defined

() - '
co .= (P .
where (C)0 is the extrapolated CO value in the reaction gas
at the beginning of the reaction,

X
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(C)R is the equilibrium CO concentration for the |,
given reaction at a temperature of measurement.

The accuracy of the determination ¢f the coal parameters
"obtained from measuring the reactivity is as follows: ’

Xco To.s To.g
o | ' Lmin} [pin}
A % rel. + 5 + 6 * 4

The typical results of measuring the reactivity are
presented in the following Table.

Sampie Type of coal 4T8_5 av 0.9 %00
[mlnl [min] [fo 1_'
1. Low rank lignite 12.7 252 42 }
2. Xylitic lignite 13.2 29.8 62.0
3. Lignite v 19.6 43.3 61.5
4. Lignite 16.3 42.5 48.7
5. Lignite 27.5 | 58.4 | 33.1 |
5. Subbituminous non-caking 39.7 90.5 277
7. Bituminous | - - 7.2 |
[ 8. High rank bituminous - - 3.0 ;

By using the given method intended mainly for lignites,
many samples were already investigeted. This metkod can also
be used for low-reactive bituminous coals.

1.6 Determinaticn of the sintering tempersture of ash

In order to study the ash fusibility, the Fuel Researcn
Institute, Prague suggested and verified a simple, rapid metho@
based on observing the structural changes of ash taking place"
before attaining the softening temperature tA. This value -

- cintering temperature-is denoted t_.
e i ' a
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The method according to the Czechoslovak patent is
based on observing the changes takinzs place during sintepiﬁg
in the pneumatic resistance of a loose layer of the pcwdered
sample of ash. First, the layer resistance in the measuring
gas passage increases with the increasing temberature. In the
moment of sintering, a free space is formed along the walls
of the meésuring tube as a consequence of the layer contrac—
tion and owing to this the overall resistance of the layer
decreases. In continuous rscording the  flow in dependence
on temperature contingently on time the extreme value during .
‘the above changes is recorfed (Figure4 ); it can be easily
read and is well reproduc1ble. The diagram of the measurlng
apparatus is shown in Figure 5,

The results of measurements demonstrated a gocd re-
oroducibility of this method, repeated measurements showed

a dispersion variance + 1.4 % to + 1.7 %.

We also compared the t value witnh the standardized
ones of ash fusibility.

The results are presented in the following Table.

il t t, t t A _
| Fuel o 1% |8 ¢ 1= (r,ot)
. - 9g¢
Xylitic lignite 918 1095 | 1175 1205 177
892 1100 | 1150 1155 208
o 1043 1120 | 1240 1275 77
Lignite 1000 | 1155 | 1285 | 1300 155
1057 1165 | 1290 1310 108
3ituminous coal 932 1065 1320 1340 133
1078 1205 {>1500 |>1500 - 127
920 1215 | 1485 1490 295
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2. The influence of pressure on g2sification

The gasifying pressure in fixed-bed gasifiCation’re- ,
presents a basic parameter and owing to this botih oracticel
and theéoretical studies in this field received great atten-
tion. The practical full-scale experience is in good agree-

ment with the theoretical assumptions. The methane and car-

bon dioxide contents in gas increase with the increasing

pressure, at tne same time the portions of hydrogen and car-
bon monoxide decreasa. In gasifying lignite of the composi-
tion (wt. %): water 22.0, ash 5.5, combustible matter 72.5,
the crude gas of the following composition (vol. %) was ob-

~talned:

Pressure MPa © 0.1 0.38 0.92 1.5C 2.10
ce, ' 25.3 28.8 33.0 33.4 33.7
cngm' 0.4 0.4 0.6 0.6 0.6
0, 0.2 0.3 0.3 0.2 0.1
co 24.4 18.8 14.6 14.4 14.0
H2 44.9 42.0 37.3 - 36.4 35.4 .
CH, | 2.9 8.2  12.2 . 13.5  15.0
N, _ 0.9 1.5 2.0 1.5 1.2
Gpdss calorific value :
NI e oS 0.3 11.3  11.7 12.0  12.5

With respect to the fact that with increasing oressure

the thermal content of gas increases, the coal gasification

under the highest possible pressure is advantageous. However,

in the full-scale installations successively constructed since
the forties, the operational pressure ranging between 2.0 and

3.0 ¥Pa has been stabilized with regard to the optimum in-
. 5 P

cresse in metnane in the nroduced gas, as well as with regard

to tae reguirezents for the machinery and investirment costs
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connected with its construction.

This value was also applied in Czechoslovak pressure
gas plants and the constructed town-gas network uses the
pressure of about 2.0 MPa.

However, in the FRG the RUHR 100 technology is at present.
verified with satisfactory results in order to gasify coal at
a pressure up to 10.0 MPa in a unit of 1.5 u diameter. The
aim of this is to achieve a further increase in the specific
_outpﬁt of a gasifying unit as well as to ilncrease the metihane

3

"content in gas. In this unit the specific outout 9200 m

1 was already attained, the methane content

crude gas 2. n"
in gas increased from 9 to 16 vol. % when the pressure was

risen from 2.5 MPa to 9.0 MPa.

3. Gasifyinz agent, its composition and temperature

At initial stages of the development and operation of
pressyie gas plants the technical oxygen with the minimum _
nitrogen content was required and coal was gasified with high-
iy overheated steam of a temperature un to 500 °c which sup-
plied the gasgirfier with more heat and enabled to save oxygen.

Later, however, when bituminous coals witn lower con-
tents of volatile portions were gasified under cuirrent ooera-
tional canditions, the preparstion of town gas of the re-

3

quired gross calorific value above 16.7 iJ.m - after purifica-
tion was not successful and thus the initial aims lost their
importénce. The full-sc¢ale tests demonstrated that at a lower '
temperature of the gasifying steam the gasifying ratio, the
steam consumption, and the production of was;é phenol waters
might also be reduced. Considered was also gasification with

lower-c¢oncentrated oxygen 2t its minimum production costs.

Al  present in ocur gas
. . o
ranzing from 350 to 400

: olants steam cf & temperature

C is used; the oxygen concentraticn
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attains 95 vol. %. However, the oroperties of gas after its

“purification are permanently modified by adding natural gas

and nitrogen in order to achieve the quality of town gas.

Another important factor for the gasification process
is the gasifying ratio, i.e. the ratio of steam (kg E,0) to
oxygen (m3 02).

A higher gasifying ratio results in cooling the reaction
zones, which supports the carbon dioxide formation at tne |
expense of carbon monoxide as well as the increase of the
hydrogen,portion in gas. The steam decomposition also worsens
and thus phencl waters are produced in larger quantities. Ffrom
the economic point of view the lowest possible gasifying ratio.
is tnus advantageous, of course, if ash fusibility percits.

The dependence of the crude gas composition on tne
gasifying ratic, as ascertained in the operation of the pres-
sufe gas'plant Usti{ nad Labem, is proved by the graph in ’
Figure 6.

The composition of gns may be changed, besides the change
in the pasifying ratio, n.go by the ndmixture of nitroren. At
the gnme time when the oxy:sen concentration decrenses {rom .
109 % to 60 %, the net calorific value of crude gns decreases
by aoproximately 16 %, below 6C % of oxygen the decrease is
quicker. This is caused by increasing the nitrogen portion in
gas at the expense of methane and of otner componenis. The
application of gasification with low-concentrated oxygen, tnus
mainly with alr, is taken into consideration in associatien '

with the produciion of gas for power purnoses.

4 partial replacement of steam with carbon dioxide was
verified on an experimental scale to procuce synthnesis gases
which, obviously mainly due to operational difficulties caused

ty corrosion, was not avplied in practice.
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Lecture II.

Concept of pressure gas plants in Czechoslovakia and
"development of machinery

The reserves of lignite and the requirement for moder-
nizing the town gas production in Czechoslovakia led in the
fifties to make a decision on a widening and further con-
structing of pressure gas plants.

~In this countfy the first pressure gas plant was con-.
structed already in 1943 near Most as a part of the chemical
- works processing lignite. Another two pressure gas plants in
JUstf nad Labem and in VFesovd were put into operation in 1961
anq 1969 respectively.

1. The pressure zas plant in Most

The three initial gasifiers were stepwise completed in
the fifties with further thirteen gssifiers built by the firm
"Skoda ZVU Hradec Krélové*. The gas production in this plant
covers only gasification of coal and gas purification by
methanol scrubbing. The supplies of electric power, oxygen and
of steam as well es the preparation of coal and treatment’
of waste waters are carried out in the Joint installations
of tne plant. The pure gas produced is enriched with natural
gas and with further gases from the refinery section of the
integrated works and the nitrogen admixture permits to modify'
the properties of gas in such a way to achieve tne values re- .
quired by thé'respective standard. Of the initial gsixteen
gasifiers at pfesent only twelve are in operation and with
" regard to their age the plant operation is gradually limitedé'

Consequently, of the maximum productions exceeding 700 mil m

3

of town gas per year, approximately 400 mil m” are attained

at present.

Gasified is not dried lismite with the water content
lower than 30 wt. %.
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2. The pressure gas ».cnt Usti ned Labem

This pressure gas plant was built as a complex
self-gufficient as to energy to process coal produced

. in the neighbouring surface mine,

- The integrated works are divided into a pari
of the gas plant (coal preparation, production and
purification of gas), power plant (steam production,
electric power and oxygen producti&n) end water

‘economy part (supplying water and purificetion of waste

waters)e. The mentioned technology parts are tightly con=
nected to each other and their management cells Ifor & '
perfect coordinetion. Yrom the raw coal supplied, aopout
70 % is gasified (after preliminary drying in tais
plent). The generator room has 14 SKODA pressure
gasifiers, the power plant nes 4 boilers with a power
cutput of T5 teh * of steam end 9.5 iiPa and 535 °C

end two turbo-sets, 12 Ll each. Oxygen is produced in

low=presgsure separeting apparatuses with a capacity

of 5400 m3 oxygen per aour. lhe oxygen compression 1is
provided by turbocompressores. Crude ges is purified by
washing in methanol on the Rectisol installation. Viaste
phenol waters are extracted by butyl acetate wita com=~
plementary purification through biological rrocesses.
In tane integrated works about 1 it of thne mined

lignite is processed every yeer, yielding more tren
400 Mm3 of town gase. For a basic tecnnological Ilow
sheet of the pressure ges plant see rige 1.
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3. The pressure gas plant Vfesovd

As to its concept, the largest Czechoslovak pressure
gas plant is distinctively different from the preceding ones. .
It is represented by integrated fuel wovrks producing the town
gés, electric power and briquettes. The .tethod of proddctién
and purification of gas and treatment of by-products is es-
sentially the same as in the pressure gas plant Usti. The
designed capacity of the gas plant is of 1.3 Gm3 of town zas
a year, 26 SKODA pressure gasifiers are installed. The elec-
tric power plant has 5 dry-bottom pulverized-fuel fired

" boilers for steam at 13.9 MPz2, total electric power output

of installed turbines is of 220 MW, a major portion of the

“electric power is supplied into the network. The briguetting

plant is able to produce as much as 1 Mt briquettes a year.

Parameters of? the gasification process

For a review of technology parameters of the gasifice-
tion process and characteristics of coal to be gasified in

. Czechoslovak pressure gas plants Usti and Vresovd see Table 1:

In pressure gasifiers the fraction from 3 or 5 to 25 mm

'is usually gasified, however, there is also operation ex-

perience with a different grain-size (e.g. 8 to 50 mm or with

the gesification of a narrow range of the grain-size and also

with a broad range). The design characteristics of new gasi-
fiers makes also possitle the gasification of coals with

higher contents of fine fractions, and experience was also
gained in the practice with tne operation of pressure gasifiers

“in the course of the gasification of cosl containing up to

20 wt. % of screen undersizes O to 5 mm.

Coal need not be always dried before the gasification,

" which depends on the entire technology concept of the nres-
'sure gas plani. However, when the water content in coal is
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above 30 wt. %, then it is reasonable to use the preliminary
drying.

Operation parameters of thé gasification process, par-
ticularly the gasification pressure, are essentially deter-
wined in connection to further main technology parts of the
pfessure gas plant (oxygen plant and thermal power station)
and long~distance distribution of town gas. In Czechoslovak
pressure gas plants the pressure gasifiers are operatéd at
a pressure of about 2.5 MPa, however in general, lower or
possibly also higher pressures can also be chosen. Highly
concentrated oxygen (94 to 96 vol. %) in a mixture with pre-
-neated steam is used as a gasifying agent. Temperature df_
oxygen from the oxygen plant is of about 100 9C and that-of
high~pressure steam is of 360 to 4CO OC.'Of;ccurse, it is
also possible to use steam with temperatures above 400 °c.
The oxygen - to - gsteam ratio in the gasifying agent is
'uSUal}y between 6 and 7 kg steem per 1 w of oxygen.

"The specific consumption of the gasified lignite is

" between 0.9 and 1.2 kg.m™3
~ tion of the combusiible matter, which is a more objective

“indicator, is of 570 to 630 kg.lOmB.m'3 of the oroduced crude
gas. The consumption of the combustible matter is affected

crude gas. The specific consump-

_ by the character of coal (content of tar, ash, reactivity,
. etc.) .and by technology parameters of the gasification process.

The total energy efficiency of the pressure gas plant,
which is defined as a ratio between the sum of useful che-
rical heats of products (gas, tars and oils) and sum of ener-
gies entering into the processes, depends on a number of fac-
~tors. During the lignite gasification it is possible to achieve

" as nigh efficiency as %59 to 64 %, dependiug on the coal quality.
This result achieved during the application of the oxidizing
casification and use of lignite of inferior quality makes '
the pressure gasification efficient for the gas production
even at present. The balance of the town gss prcduction in
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an energetically self-sufficient pressure gas plant (only,

,:one main product is represented by town gas, electric power
and steam are produced only for the consumption in the enter-
prise) is presented in Table 2.

Development of pressure gasifiers in Czechoslovakia o

On the basis of the research and development, basic
data were obtained for new enterprises in 1659 to 1968 for
design works and production of powerful pressure gasifiers
with an inside diameter of the shaft of 2.76 m. The gasifiers
for the second pressure gas plant in Usti were also charac-
terized by a side ash disposai, however, their capacity was

. twice &3 higher as that of the gasifiers in the first pres
sure gas plant in Most, i.e. 9000 m3.hr~t crude gas. The
pfeésuré gasifiers in VPesovd are of a new conception and
with them as high capacity as 12 000 m3.hr—1 crude gas can .
be achieved during the gasification of lignite. The gasifiers
have a three-step rotating grate with an adjusted surface,
central and continuous ash disposal, automated coal charging,
‘hydraulic handling of outlet ash from the ash lock hopper.
The specific output of the gasifier is at a level of 2000
m3.hr~t m™2 of the shaft. The pressure gasifier of the type
| "VFesov&" has a mass of 103 t (including the coal and ash
lock hoppers) and the spacing between the upper and bottom
flange of the body of the reactor itself is of 9050 mm. The
construction height of the installation from the coal feeder
above the ccal lock hopper to the ash wash flue below the'
ash lock hopper is of 21 m. The pressure gasifier is equipped
with a water Jacket, where ssturated high-pressure steam con-
sumed for the gasification process is nroduced. A 3tepwise
multislot grate serves for perfect distribution of the gasi-
fying agent within the whole cross-section of the gasifier
and thus, for a maximum use of the coal combustible matter

for the gas production. A simple cylindrical piece in the




upper part of the gasifier limits the gravitation separa--
tion of coal, during its supply into the gasifier.

A verifying operation has recently been started of
the prototype of an innovated gasifier of 2.75 m diameter
. a;>the pressure gas plant in Usti by means of which the
gasifiers at the gas plants in Usti and Viesové should be
'stepﬁise replaced.

In the case of tnis new type the existing two;way
coal feed hopper was reblaced with a new one of a shape of
frustum of pyramid with one outlet which would consider-
ablyblimit the difficulties in coal transporting and would

'accelerate the filling of a coal hopper. In thevuooer vart
~of the 0331f1er body the diameter of the gas off-take was
enlarged to 700 mm and the cooling of gas was improved by
.modifying the phenol water injection. The pre-cooler is
made as a one-shell type, extended in ihe bottom part. The
bottom part of the gasifier internal shell is equipved w1th
, stainless material which should improve in this part re-
sistance to weakening the shell during the operation. The
constructional modifications of the grate were aimed at
extending the service life of this highly heat-stressed
part of the gasifier. New constructional solutions to clos-
‘ing cones of the ash lock nLopper permit to shorten the con-
struction height of the instailation contingently to ex-
tend the gasifier body.

These improvements are presupposed to contribute main-
1y to shorten the time of repairs of the gasifier and to in-
‘crease its utilization as to time up to 78 %.

The modifications in the uvpper part of the gasifier
and in the pre-cocler should contribute to a more uniform
operation of the installation and engole tiae increase
1q_tne output by approximately 15-20 % if coal of a suitable

quality is used. Comparisons of the gasifiers of the type
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Usti, Viesovd and the innovated gasifier are evident from
the respective Figures.

In addition o the innovated gasifier, at present a.
new ‘mode of a continuous deashihg of the gasifier is sub-
Ject to investigation. In this case the ash lock hopper 1is
replaced with a cylindrical vessel filled with water to whlch
falls a continuously removed ash. In the hydromixture layer'
the ash is cooled and pressure is gradually -reduced. The
hydromixture-is then permanently transferred to the ash
‘channel by means of a turnstile. The installation was veri-
fied in a continuous operation for a perin? longer than one
week. The results obtained were satisfactory. Final soiu-
tion, in particular to difficulties caused by ingufficient
service life of materials used for the turnstile, is

still needed.
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Parameters of the gasification process in pressure gas plantgs.in Czechoslovakia .

Unit.

Pressure gas plant

Para ﬁ eters
* Vtesovd Ust{ nad Labem
a | b a b
A. Inlet parameters _
+e Lignite: w{ - wt. % 45,00 30.8 39.6 24,2
AT wte % 10.80 13.6 8.8 10.8
Gross calorific value: Q: MJ.kg—l 12.16 15.3 - 18,84
2. Gasification agent:
oxygen vol. % 10.62 9.9
nitrogen vol. % l.18 0.6
steam vol., % 88.17 89.4
3. Gagification steam temperature °c 360 370
4., Gasification pressure kPa 2550 2450
B. Outlet parameters
Crude gas and town gas: c 4 c e
H, | vol. % 40.6 48.48 | . 39.3 53.6
cO - " = 12,2 ' 15.34 12.7 16-8
CH, - - 1.2 19.86 10.9 116.9
CnHm - 0.9

0.6 0.53

0.8




“ble 1 continued

Specific consumptions and yields

Consunmotions:

coal

gasification agent
including steam
electric power

~ Yields: 1liquid hydrocarbons

(including phenols)

: D. Bfficiencies:-Overall energy

: efficiency of

' the process

i Gasification

' efficiency-

] (crude gas/gasified coal)
« = raw cosal =
b = predried (gasified) coal. =




kgem
m-.m
kgom
Kih.m™3

kg.m~

%

©33.7

1.5
0.2

11.82

1.15
1.57
1.12
0.26

0.08

12,98

56.7

67.2

0.2

17.01

1.40
1.92
1.37
0.32

0.096

- 32.2

3.0

- 0.3

0.7

0.882
1.364
0.981
0.26

0.08

4.9

. 5.6

- 59.8

74.9

0.5
0.9
17.11

1.147
1.773
1.275
0.34

0.10

crude gas
town gas




Balance of the town gas production in a pressure-

Table 2
gas plant (1000 n3 of gas considered as a basis)
"Inlet:
raw coal (total) 2 000 kg
. . . 2
natural gas (carburation)® 80 m”
raw water 10 m3
air - power plant 2 90C n3
oxygen plant 910 m3
Qutlet:’
| g) Products
town gas 1 000 m3
lar 84 kg
crude benzol 6 kg
crude phenol 12 kg
sulphur > kg

' ammonia water (10 %) 21 1 ;

b) WYastes }
ash (slag) 208 kg’
flue gases (power plant) .2 900 m3 :

- nitrogen (oxygen plant) 715 3
(vhenol water) (1 345 kg)
waste water (into the recipient) 53 ms
waste gases (from gas puri€ication) 304 n3
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ad justment of the gross calorific value of the
pure gas to about 17 ¥J.n 3




A, - 0532

AR

RAW COAL

CRUDE

WATER

Sesnaneeey

POWEZR PLANT

RIS P

<ihmmn

STEAM
LECTRICITY

| A

\\
seseree
.
conts Need
e
Lo
D
.
. -
. 'Y
. .
n -
© .
T
-
R
L
.
o1 L E
«
.
Lo
o
.
. .
. »
- L[]
. c .
.
* G-y

OXYGe N PLANT

‘Qucﬁ'\t...tl...:o-'.t'.

.
-
.
.
.
.

GAS

".:.v I.-. - -

CRUDE

TREATED WATC

-
!

CONDENSATION

GAS LIGUOR

T T T

AT eo s 500000

{

.f.omor<>z_\
nx RA

TIiON

SHIFT

— G et e

d

A S

AMMONIA -
RECQVERY

b et ot o e

<

bl

BiOL
erbi

G

O

I
ar

PICIRR

_{ =2
m
“

[

| VI U U
'
| I

sreercoane

i

cm———

Ty e e e e e e e e e e e ey
B e A )
.

CRUDE BENZOL

PHENOL
Rt L B i -1

ANHYDROUS
AMMONIA

CRUDE

S h

: CONVERSION
: © SULPHUR :
- L___RECOVERY I .
= . 8 A i
o : uv RECTISOL
D P “
- S»mqm GAS | :
- . REATMENT ] :
Dl : A ;
DL : 0 v
AN AN : I E
o o’ . . :
SRS BN : :
C T : v -
SR T BN 7 S
RN
—— Pl [re— 3 .
! - @ z .
= N = S :
- = u R
2 .
& 2 | :

A
[

- . —— —— - o —

FLUE G

[.

...v
GAS :
NE )

[Ty

WASTE GASES

CAR SURATION
bﬂ_oy

<
~

IR TN Y Y Y Y N T R TY T
.

NiTROGEN

-_Jeaes sesnes

WASTE WATER

-
£

ASH

,\,:_

GA

- PIPELINE ™~




[ [ L NI S e e Sh e e . seme A
e O P




A 00
W:ﬁﬁyf 7
Y y

Figure 3. INNOVATED GASIFIER




Lecture III.

Prosgsnects for the development of coal egasification

In connection with growing prices of petroleum and of
natural gas in the seventies, the use of coal for the produc-
tion of gas by gasification receives again much attention.
Concerned are the increase in the operation reliability, eco-=
nomics of production, more efficient utilization as to time
of existing machineries on the one hand and on the other hand
the development of the further generation of an installation
with a higher output presupposed to process‘a wider assoriment
of fuels including low-rank fuels. L

Gasification as well as further treatment of gases is
chosen also according to the required final product:

' Town gas,

Synthesis gases,

.-Gas for power purposes,
Subgtitute natural gas.

The new development covers autothermal and allothermal
processes, technologies of oxidizing and hydrogenating gasifi-
cation, techniques of fixed bed, fluidized bed and of entrained
bed gasification, chosen are mostly pressure variants. o

A characteristic feature of the recent years is the limit-~
ing of the number of developed technologies, the same concerns
 the multistage technologies, mostly complicated and displayihg
high requirements for the machinery development as well as for
their technological operation. '

The fixed bed pressure gasification used for more than
forty years igs up to now the most widespread technology of
coal gasification. This technology is advantageous for screened
coal of a suitable grain size (e.g. 3-25 om, 10-40 mm, 6-60 mm,
7=30 ‘mm and others like that), for both lignites and bituminous
coals if their FSI is lower than 4.

Important is alsc the ash content in dry state, attain-

-

ing, fcor example in the operation in the CS35& on the average




approximately 20 wt. %, nevertheless, coals with higher ash -
contents may also be gasified. In the case of these coals,
besides the technical realization of the process when the
strength of the coal processed is also significant, in par-
ticular the economic aspect is of great impbrtance (higher
specific consumptions of fuel and of the gasifying agent,

lower yields of gas of a lower quality). According to our in-"
forrzation in operation are the following gas plants: 1 in tge

_ /SAR, , 3 in Czechoslovakia, 1 in the GDR, and 1 in Yugoslavia.,k
Also‘further countries, such as the USA, France, Greece, Tur-

' key, Italy, Brazil, and China are interested in the realiza-

tlon 'of this technology.

The development, contlnoently the requirements for the
constructions of pressure gas plants are aimed at the in-
crease’'in the installation reliability and at the units of a -
larger diameter yielding higher outputs. In addition to initial
full=acale units of 3 m o.d., gasifiers of 4 m o.d. are ‘con- |
cerned and on an experimental scale also a prototyoe of the
g831f1e“ of 9 mi.d. is in operation.

Another trend of the development is the widening of the
raw material bage for gasification in order to process coals
-with higher ash contents and of a wider range of grain size
including a higher portion of the undersize.

The development of an installetion of further gene-
ration is eimed at tiae pressure varients of fluidized bed
gasification and entrained bed gasification, as well as at
© further extension of fixed bed gasification.

The typical representatives of the pressure fluidized
bed gasification are the processes Westinghouse and HT¥ de-
veloped in the USA and in the FRG respectively,

, The Westinghouse process in its pregsent final form is
a fluidized bed one-stage gasification process performed at

temperatures of 870-1060 °C, at an operating pressure up to
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1.6 MPa. Coal is transported to the reactor pneuratically
with ¢ high velocity through the bottom of the reactor in
a mixture with the gasifying agent. In the centre of the
fluidized bed at the bottom of the reactor, zones with higher:
temperatures are formed in which ash agglomérates are formed
and thus a reliable removal of ash with & minimum content of
not reacted carbon is guaranteed. The process has been veri-
fied since 1975 in Waltz Mill, Pennsylvania, on the instal-
lation of an output 0.6 t.h"* or 1.5 t.h~} in air blown or
oxygéd blown gasification respectively. Processed was fuel
' ,éontaining 2-45 wt. % of ash, 3-24 wt. % of water, with FSI
0-9."

. An industrial demonstration unit with a gasifier of
3 m diameter and 50 t.n~t output is under construction in
Sasol (the South African Reoublic). |

The HIW process of the Company Rheinbraun has been
developed since 1978 to process reactive lignite of 0-4 mm
4 2 4-10 wt. %. The techno-
iogy is performed at a pressure of 1.0 iPa, the experimental.
installation of 60 cm diameter processes 1.3 t of coal per
hour - (8 % of wa@erd and produces 2200 3 of synthesis gas.hfl.

grain size with the ash content &

.'On the basis of pilot-plant results a demonstration plant

has been designed to produce approximately 1 mid m3 of
synthesis gas per year for the production of methanol in four
gasifiers. The first of them having a 2.7 m diameter and out-
put 37 000 03 of gas.h-l should be out into operation in 1985.
The eonstruction of the plant is presupposed to be finished

in 1988.

Pressure entrained bed gasificgtion. Concerned is @ ac-
tically a further generation of the entrained bed gasification
according to the Kopper-Totzek process. 4180 in this case the
development is performed in several variants of which the
mecat advantageous, from tne standpoint of economy, are the
processes Shell-Koppers and Texaco.
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The.Shell-Koppers process
A joint development carried out on the installation of an
output 6.29 t of coal .h-l was finished in 198l1. Concerned
is entrained bed gasification of finely ground coal (below
0.1 mm) with oxygen at a presaure of 3 MPa. The temperature
1n_the centre of the flame exceeds 2000 °C, in the gasifier
a temperature ranging from 1400 to 1600 °c is meintained so .
that'ash'ié removed in liquid form from the bottom of the
gasifier to the granulating water bath. In addition to proper
grinding (relatively costly especially in the case of coals
with higher ash contents), the coal should te dried and that
bituminous ‘coals to 1-2 % moisture, lignites approximately
to 8 %. The firm Krupp-Koppers continues the development of
the technology indicated as PRENFLO (Pressurized Zntrained
'Flow Gasification) and prepares an operation of a unit with
an output 1000 t of coal per day to produce synthesis gas.

- The Texaco technology is based on the mode of entrained
 bed gasification, i.e. a mixture of finely ground cocal with
water {in the form of water suspension, containing 30-40 wi. %
of water) is brought together with the gasifying agent inio

the gasifier by means of a burner. The fluid slag sevarated
during gasification is removed through the bottom of the gasi-
'fier. The product obtained is either a synthesis gas or a gas
'for power purposes with a minimum content of hydrocarbons. In
the USA this technology is verified on a pilot-plant instal-
lation of an output of 15 t of coal per day. In Holten (FRG)

an experimental installation of the firms Ruhrkohle AG and Ruhr-
chemie AG, processing 5 t of coal per hour at a préssure of |
4 MPa and at a temperature ranging between 1200 and 1600 °C has
been in operation since 1978.

, An advan*age of the process similarly as in the case of
all high-temperature processes consists in the minimum contents
of higher hydrocarbons, phenols and tars in gas. Very advantage-

ous are also coal grinding in water and slag removing to the

water bath.
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A further phase of the fixed bed gasifier development
represents a RUHR 100 gasifier as well as a slagging gasifier
developed by the British Gas Lurgi.

The experimental RUHR 100 gasifiér of 1.5 m i.d. is in-
tended for an operating pressure of 10 MPa; it has been in’

. experimental operation since 1979. The gasifier has two gés
outlets in the different heights of the shaft. The upper out- -
let is intended for the carbonization gas, through the lower
outlet passes the gas from the gasifying zone. The gasifier
is equipped with two coal hoppers. During the tests gasified
were anthracite and weakly-caking bituminous coals with FSI
1-2. rhe mein advantage of the process consists in the in-

. crease in the methane content in crude gas, exceeding as much-
as 16 vol. %, advantageous is also the increase in the specific
output of the gasifier, exceeding 9000 m3 of crude gas .m-a.h-}

In the further phase of development the construction of a de-
monstration unit with a gasifier of 3 m dismeter is under con-

sideration.

The British Gas Lurgi technology verified in Westfield
(Great Britain) is intended for the production of synthesis
gases and of gases for power purposes. This technology, in
~comparison with the classical pressure fixed bed gasification,
differs by the fluid slag removal. Gasified are screened coals

(as well as caking coals) with a potential dust admixture. The °

. "installation of 1.8 m i.d. processes as much as 12 t of coal.h”
~at a pressure up to 3'MPa; it has been in verifying operation
since 1974.

Another generatioh of the processes of gas oroduction

teing developed at present presupposes the utilization of heat
from nuclear reactors. The heat from nuclear reactors is sup-

1

posed to be cheaper than that from coal. However, the realiza-

tion of these processes will come into consideration by the
end of the nineties.

In the FRG the utilization of nuclear heat is under con-
sideration in the case.of the hydrogenating gasification (HKV)
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.and steam gasification (WKV) being developed at present.

.As to hydrogenating fluidized bed gasification {(HKV)per—
formed =t a pressure of as much as 10 MPa, under consideration
‘i3 the utilization of heat from a high-temperature nuclear
readtor'through a helium circuit with an outlet temperature
of 950 °C. The heating of the gasifying hydrogen will permit
to save approximately 40 % of coal. With regard to the fact
that hydrogenating reactions are exothermic, any further heet
1s not necessary to be brought into the gasifier. It is ad-
vantageous to use only the more reactive part of the coal
‘mass and to process the remaining semi-coke by some other
method.

In Wesseling (FRG) an experimental installation of 200 .
mm i.d. has been in operation since 1975, processing 400 kg
of coal per hour at temperatures of 820-10C0 °C and at a preé-
sure of 5.5-9.5 MPa. It gasifies coal containing 12 % of water, . -
of the grain size ranging from 0. to 2.5 mm. The gas produced.
contains 30-40 vol. % of CH,, 1-2 % of CO, and about 5 % of

CO. The residue is formed by hydrogen and water vapours.

In the last year the construc.ion of a demonstration
unit of 1 m i.d. should have been finished to process 10 t

3

of dried coal and to produce 7800 m~” of gas.

The steam gasification (WKV) is developed by Bergbau-
forschung in Essen. On the basis of laboratory results and ex-—
perience obtained in 1976 a pilot-plant installation was con-
structed; its cross section is 0.8 x 0.9 m, and processes 8 t

. of coal per day.

The gasification is carried ocut by means of steam in a
fluidized bed at a temperature of 840 %°C and at a pressure of
4.0 MPa. The main reaction is that of carbon with steam in

forming CO and H2. The heat is brought into the reaction zone

through a tubular heat exchanger immersed in the fluidized bed
and thus a high efficiency of heat transfer is attained. By using -
thisfprocess caking coals with FSI 4-6 may also be gasified. The
- gas obtained is of the following composition: (in vol. %)
- 47, CO - 15, CO ‘

H - 23, and CH, - 15,

2 2




Lecture IV.

Crude gas purification, conversion, cracking of tar
vapours and conversion to methane

1. Crude gas purification

- In general, the aim of the purification of gases is
‘to remove undesirable components from gas and to treat it
according to the purpose for which it is produced. For
.example, if gas produced from coal is used as s fuel gas
in the vicinity of its source, removal of solid and liquid
‘'substances, such as dust, tar, and tar mist is sufficient.
In the case of the long-distance gas distribution the re-
quirements are higher in this resvect since further com-
' ponents such as substances forming resins, naphthalene,
nitrogen oxides, benzene, and water should be removed. For
_ ‘the purposes of synthesis catalyst poisons, in particular
| / ' sulphur and nitrogen compounds should perfectly be removed. : .

In practice methods of gas purification are based on
gas absorption in liquids or on gas adsorption on solid
substances. '

- - The principle of the equipment of the first group is
. gas scrubbing ir a scrubber and regeneration during which
a pure wash means is obtained again and absorbed gases are
liberated. The absorption takes place usually at the lowest .
possible'temperature and et a high pressure, whereas the
regeneration is carried out at a lower pressure and
-8t & higher temperature.

According to the mode of absorption and regeneration
the following scrubbers are distinguished:

Phvsical serubbers - th¢ course of both scrubbing and re-

‘generation is determined only by the pressure and tempera-
ture dependences of the gas and liquid dissolving equi-
librium,
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Chemical scrubbers with thermal regeneration - during ab-

gsorption of gaseous components a wash means forms & caemi-
" ¢al compound which during regeneration is decomposed to a
solvent and liberates the absorbed gas,

Chemical scrubbers with chemical regeneration - an efficient

s

component of the wash solution is an inorpnrnin fr aron-ina
'Acompound which may exist in seversal oxidizing degrecs.
With this compound the gas forms in the absorber a chemical
compound which is oxidized during regeneration, mostly with
air, so that a pure wash solution is obtained as well as a
washed substance in the form suitable for further processing.

Adsorption - gases and vapours are adsorbed on the surfaces

‘of s0lid substances.

‘The amount of the adsorbed substance is dependent on
the adsorbent surfaée, pressure, temperature, and gaseous
component concentration. For these purposes 'solid substances
with the maximum specific surfaces (for example active car-
bon) should be used. For these purposes molecular sieves
have recently been applied in the case of which the procedure

of their production may affect the poresdiameters and
volumes and thus a higher selectivity of purification may be
attained. Similarly as in the case of absorptive methods, in
aoplying these methods favourable effects of a low tempera-'
ture upon desorption are also found, on the contrary, a
higher temperature favourably influences the desorotion of
gases during the regeneration of an adsorbvent.

A final product of all our pressure gas plants is town.
gas and owing to this the diagram of the gas purification is
very 3imilar in all these plants.

The crude produced zas 1is successively cooled by phenol
water injection in the precooler and further in waste heat
boilers, successively to 120-130 °C. At the same tice steanm
of 0.35 and 0.05 MPa overpressure is produced in the boilers.
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" - Gas .is then cooled in the system of counter- and co-current
water coolers to a temperature of 25-35 °C and the conden-
.sate obtained contains, besides water, also tar, ammonia,
and fprther organic compounds.

In the case of a following crude gas shift conversion
the crude gas is withdrawn with a temperature of 160-170 %
‘already behind the waste heat boiler of the first stage. The
purposé of the crude gas shift conversicn ccrnstructed as a
test line, is to reduce the toxi¢ carbon monoxide content .

" in gas below 5 vol. %. (Detoxication is discussed in more
detail in the further chapter.)

Crude gas is purified by scrubbing with deeply cooled .
methanol in the installation consisting of the cruae gas
,scrubbing’of the independent cooling system Linde, and of
the complex regeneration system of methanol.

Scrubbing as well as cooling is carried out at four
stages, in the case of the selective scrutbing of hydrogen
‘sulphide at five stages. At the first stage 3as is cooled
by condensate inJjection to +10 °C and stripped of armonia,
hydrcgen cyanide, and crude benzol. At the following stage
gas is cooled to =20 °C by using the methanol/water mixture,
a part of gases is removed and crude benzol 1is separated.
(Hydrocarbon condensates from cooling are treated by distil-
lation to obtain an aromatic condensate.)

Gas is further cooled in the main scrubber, at the
last stage by injecting methanol at a temperature below
-50 °C and thus the most imrortant portions of C02 and st
are removed. (In the case of the selective variant, the re-
moval of H,S and CO2 is gseparated.) During scrubbing gas is
simultaneously dried to a dew point of about =50 °C. In the

absorber for final scrubbing the so called fine final purifi-

cation 'with methanol is carried@ out at a temperature of
o)
-50 °c.
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According to actual technological conditions the
pure gas contains 4-12 vol. % of CO, and 5~40 mg of .H,S
.per l'm3. Its quality is further treated by adding nitro-
gen or air and natural gas to attain the standardized value.
-of town gas.

Gas condensates from the production are processed in
"the dephenoling station. After pre-purification, when
1ighte} oils and tars are separated, phenol water is sa-
turated with expénsion gas containing a high portion of
- €O,
nol condensate i3 obtained by butyl acetate extraction fol- -
lowed by its distillation. From the dephencled water amro-
nia in th. form of ammonia liquid is obtained. The de-
phenoled waler is used for ash transport and thus degrada-
"tion of phenols takes place. Final purification of water is
carried out by means of microorganisms in the bioclogical

and thus further portions of tars are separated. A phe-

treatment plant.

. 2. Crude gas conversion in pressure gas plants

Detoxication of gas in pressure gas plants, i.e. re-
duction of the toxic carbon monoxide content after the in-
evitable removal of tar, coal dust, and sulphur compounds
may be solved by using an iron-chrome catalyst, of course,
with an additional admixture of high-pressure steam to a
pure gas in order to reach the required degree of conversion.

These facts as well as economic aspects supported a.
proposal for the development of crude gas conversion. This
process is based on the potential use of steam contained in
crude gad in such a quantity that considerably exceeds‘the
stoichiometric steam consumption fur conversion taking place
according to the followi~g equation

CO + H,0 22 CO, + H, # 41.2 kJ
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when a suitable catalyst is preseht already from a tempera-
ture of 350-400 °C.

| In Czechoslovakia researches into a catalyst were

dealt with already during the period 1968-1971. These studies
resulted in the development of a catalyst btased on cobalt

and molybdenum and later produced and marked as CHEROX 35-06+
It was verified in e laboratory reactor for 1 1 of catalysts -
A laboratory research proved that crude gas saturated a£ a
temperature of 165-170 °Cc and containing 2-10 g of HQS per 1l
m3 ig’ suitable for conversion. The optimum working tempera-
ture was defined in the range 400-440 °C, the degree of con—f
version during nearly a 2000 hours operation continuously
reached the value of about 70 %.

Successful leboratory tests of the catalyst were fol-
lowed by its verification in a prototype unit constructed
for 30 000 m3 of crude gas per hour, the diagram of which
is. presented in Figure 1.

In a spray scrubber solid particles and unsuitable
liquid products were removed from the crude gas produced,by
pressure gasification of coal. Then the crude gas with a
temperature of 165-180 °C was led through the system of ex-
changerswhere it was heated up to 325-360 SC. In the prere~

actor the last residues of impurities were removed. Behind
the first reactor the gas with a temperaiure of 410-420 .
was cooled in the exchanger 4 to 380 OC,ancj then it was led
to the reactor II. In the exchangers and then in the cool-
ing line the converted gas transferred successively its heat

‘to tre crude gas. After compression it was purified together
with’ other gas by methanol scrubbing. In the conversion unit '
' gas éontaining on the average 3.4 vol. % of carbon monoxide
was obtained and thus the planned goal of the task, i.e. to
préduce gZas with the CO content below 5 vol. %, was exceeded.
In the full-scale installation the Jdegree of CO conversion
ranged between 61 arnd 72 %. '
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3. Crackinz of tar vapours

The aim of the experimental studies carried ocut in
the pressure gas plant VPesovd was to utilize especially
the so called "tar sludges" obtained in separating the tars
of the following composition:

Water content 30=70 wt. %
- Tar content 10-50 wt. %
Solid portion 5-25 wt. %

The solid portion is formed by coal grains mainly be-=’
low 2 mm. The installation for processing the sludges con-
sists of three functional parts: the mixing tank, the cir-
culating loop, and the dosing apparatus for individual gasi-
fiers. Sludges are injected into the layer of coal in the
gasifier retort. The injection per one gasifier ranges
between 200 and 400 1.h™1 at the gasifier output 1200-1600
m3 02.h-1. In injecting, the contents of combustible compo-
nents in crude gas slightly increased (hydrocarbons, hydro-
gen, carbon monoxide) and the gross calorific value increas-

ed by as much as 200 kJ.m™ 3.

At these parameters the gasifier operation was steedy,

without any failures.

Tests were carried out with light tar as well as with -

tar sludges. While the light tar transport to the gasifier
caused no difficulties, in the case of tar sludges, with re-
gard to the raw material composition and its variation, the
.transport was often interrupted due to clogging the traffic

roads.

4, Methané production from pressure gas

The basic reactions taking place during the methana-
tion of gas from gasification are as follows:
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CO + 3H, ———> CH, + H,0
CO,+ 4H, ———> CH, + 2H,0

The course of methanation reactions is decisively af-
fected by the presence of a catalyst. According to literary
data these methanation reactions on active catalysts start'
at temperatures of about 200 °C. The optimum operating tem=-
perature ranges between 250 and 350 Oc. Above this limit
the undesirable carbon dioxide, hydrogen, and carbon are
'formgd.

'There is a pfoblem caused by a large amount of heat
 liberated during the reaction, as well as a problem con-
nected with its removal. For this reason new types of re-
"actors are suggested, for example tube bundles with cata-
lyst applied to tube surfaces, reactors with a catalyst
fluidized bed, reactors with catalysts suspended in liquid,
etc.

The development of full=scale catalysts was aimed at
precipitated catalysts containing nickel (and that.above
30 %) as an active component with promoters such as 0308,

Cr203? K50, ng and others.

It is also important to secure a high purity of inlet
' raw materials, namely as far as low contents of sulphur com-
pounds below 1 ppm are concerned.

'In'applying methanation at pressure gas plants, gas
may be treated by shift conversion and by CO2 scrubbing and
thus the required CO;H2 ?atio approaching the value 1:3 can
be obtained and after methanation and treatment substitute
natural gas (SNG) can be prevared. '

With regard to the arrangement of pressure gas plants,
gasified ‘coal and to outlooks for the development in Czecho-
slovakia, conversion of gas plants to the SNG production is
not under consideration and owing to this these problems do
not receive much attention.
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